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Among all types of disability, physical disabilities account for the largest proportion, and mild 
disabilities account for 81.2% of those with disabilities (Kim, et al., 2017). However, people with 
mild physical disabilities, which are many of the types of disabilities, are in the blind spot of benefits 
and support, unlike those with severe physical disabilities. In the case of products and mobility, 
attention is mostly focused on people with severe physical disabilities. People with mild disabilities 
may be judged to be similar to those without disabilities because they are located at the boundary 
between the disabled and the non-disabled, but there are limitations in posture and movement. So, it 
presents a new direction of mobility for those who were not focused on the target, and expands the 
scope of design for the disabled. 
In order to solve the free and comfortable movement of people with mild disabilities, this 
study proposes a new type of wheelchair for them. To understand users, I explored articles, surveys, 
social media platforms, and conducted user interviews. Through the user understanding survey, I 
found not only the physical discomfort of people with mild physical disabilities but also the mental 
discomfort such as social gaze. 
Create and analyze persona and scenarios based on user understanding research. Keywords 
derived through scenario analysis are used to present concept ideas. As an idea to remove the 
boundaries between the disabled and the non-disabled, it was inspired by a range of mobility different 
from mobility assistive devices, such as micro-mobility. For a light, active and modern image, the 
design was developed through the process of Ideation & 3D Modeling. A mock-up of actual size was 
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A person with a disability means ‘a person who is severely restricted in daily life or social life for a 
long time due to a physical or mental disorder.’ ‘Physical disorder’ refers to disorders of major external 
body functions and internal organs, and ‘mental disorder’ refers to disorders caused by developmental 
disorders or mental diseases (Act on Welfare of Persons with Disabilities, 2019). 
According to the Survey on the Status of the Disabled (Kim, et al., 2017), the emergence rate of persons 
with disabilities in Korea is 5.39%, and it is classified into 15 types of disability, including physical 
disability, brain lesion disorder, and visual impairment. The proportion of disabled people in the United 
States is 15.1%, Sweden is 20.6%, and Germany is 18.1% by OECD (2010). The reason for the small 
proportion of Korea seems to be that the category of persons with disabilities is narrower than the 
aforementioned countries. In the United States, for example, learning disabilities, alcoholism, and 
cancer are included in the disabled category. The number of people with disabilities worldwide accounts 
for a significant proportion of about 15% of the total population, and is gradually increasing due to the 
aging of the population, the spread of chronic diseases, and improved disability measurement 
methodology (ibid, 2017; World report on disability, 2011). 
Continuing to look at the survey (ibid, 2017), among all types of disability, physical disability accounts 
for the largest proportion, accounting for about 48%. The people with mild physical disabilities, which 
belong to the lighter degree of physical disability, account for 81.2% of those with physical disabilities. 
From these data, it can be seen that people with mild physical disabilities account for the largest 
proportion of people with physical disabilities than those with severe disabilities who must have 
mobility assistive devices such as wheelchairs, and the research is conducted targeting the people with 
mild physical disabilities.  
According to the Panel Survey on the Life of the Disabled (Kim, et al., 2018), people with mild 
disabilities have an average monthly going out frequency of 16.4% higher than those with severe 
disabilities, and 24.7% of people with physical disabilities mainly use buses. It is the second most used 
mode of transportation after private vehicles (43.5%), and if this is summarized, it can be seen that 
many people with mild physical disabilities use public transportation and often go out. This occurs a 
situation in which the person with mild physical disability has to walk to some extent. The use of 
mobility assistive devices such as walking sticks, crutches, wheelchairs, and electric scooters by people 
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with physical disabilities accounts for only 46.8%, but 81.4% of them need it. Although it is not actually 
used, it means that there is a need for mobility assistive devices. Unlike people with severe physical 
disabilities, who have easy access to assistive devices through various welfare benefits, people with 
mild disabilities have low practical use for various reasons, although there is a need (Fleming, et al., 
2010; Rodriâguez, Herrera, Batlle, & Sanjuan, 2007; Rhee, 2001). A new proposal is needed from a 
design perspective on how to use mobility assistive devices according to their needs. 
The aforementioned mobility assistive devices are devices that assist people who have difficulty 
walking due to reduced mobility (Figure 1). Mobility assistive devices include crutches, walker, cane, 
wheelchair, etc., and enable users to live independently (Thoreau, 2015; Martins, et al., 2012). 
Depending on the type or degree of the disorder, whether or not to use mobility assistive devices and 
the device to be used are different. For example, depending on the degree of walking possible, they are 
used in the order of a cane, a walker, and a wheelchair (Huh, 2015). The background of this study is 
that the majority of people with physical disabilities are the people with mild physical disabilities, and 
they use mobility assistive devices according to the degree of disability. 
 
Figure 1. Mobility Assistive Devices 
 
1.2 Market Research 
In this paper, I propose a wheelchair design among mobility assistive devices. In order to build a base 
on which type is appropriate for wheelchair design for people with mild physical disabilities, let's take 
a quick look at what types of wheelchairs are available in the current market. Wheelchairs are largely 
divided into manual wheelchairs and electric wheelchairs depending on whether the electric function is 
included. In the wheelchair usage guide (Wheelchair usage guide, 2016), manual wheelchairs can be 
classified in detail according to their shape, use, and function, and electric wheelchairs are classified 
into general and special types according to their function. For ease of movement and reduction of wheel 
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size, the electric wheelchair was used, and the criteria for classification of the shape, use, and function 
of the manual wheelchair were referenced in this thesis. 
Manual wheelchairs are classified to be fixed or foldable according to their shape (Rigid 
Frame/Folding), and there are Active and Sports type wheelchairs according to their use. Classification 
by function includes a Guardian type with a handle for a guardian, Pediatric type suited to the size of a 
child, Tilt type that can adjust the angle of the backrest and footrest, and Single-Arm type for one-
handed user. Figure 2 shows the types of manual wheelchairs available on the market. In this study, 
since it is a wheelchair for people with mild physical disabilities who do not necessarily need heavy 
functions, the portability is improved by applying the view folding type based on the shape or 
transforming it beyond that. 
 
Figure 2. Type of Manual Wheelchair 
 
1.3 Research Question 
The target of this study is people with mild disabilities, which are in the middle of the disabled and non-
disabled people. The range was selected for lower extremity function and lower extremity joint 
disorders in people with mild physical disabilities, which account for a significant proportion of the 
disability. The criteria for selecting the range are similar to those of non-disabled people because they 
are able to walk and stand upright, but these are lower extremity disorders that have discomfort in 
movement. In fact, joint disorders of the lower extremities (12.0%) and dysfunction of the lower 
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extremities (9.6%) have the highest rates after spinal disorders (40.4%) among the subtypes of physical 
disabilities (ibid, 2018). 
People with mild disabilities who are burdened with wheelchair use auxiliary equipment, crutches, and 
canes. If transportation is not available, they have to walk, which can be a burden on their physical 
strength and cause injury or secondary disability(Ehde, et al., 2003; Seekins, et al., 1994). Unlike people 
with severe disabilities, most of the transportation are pedestrians or buses and taxis as they often go 
out due to economic activities. When using transportation, it is easy to feel uncomfortable with assistive 
devices(Brinkey, et al., 2009). People with mild disabilities do not have a great deal of difficulty in their 
daily life, but they have to endure the gaze and prejudice of society due to the outward of equipment. 
In addition, assistive devices for the disabled sometimes shrink themselves because of the prejudice 
that they are ‘not stylish.’ Not only that, but because a typical wheelchair is a wheelchair, it often creates 
a feeling of rejection(Cui, Lee, & Cho, 2010). 
The purpose of this study is to identify the needs of people with mild physical disabilities and propose 
a new assistive mobility design. I propose an appropriate solution by using the behavioral tendency of 
the target user for lightweight and small assistive mobility design for convenience of movement. The 
research questions for this study are as follows. 
l How can behavior tendencies be used to design more lightweight and small assistive mobility 







Method & Design Process 
User research and design concept proposal process 
 
  Understanding Target User 
  Persona & Concept Generation 
  Design Development 





Method & Design Process 
 
In this study, user research is conducted to understand the problems of target users and their behavior 
tendencies, and persona and behavior tendency scenarios are created. Design keywords are derived by 
analyzing scenarios, and design concept is proposed. Through a user test that considers usability and 
aesthetics, it produces complementary design results that meet the needs of people with mild disabilities. 
2.1 Understanding Target User 
Through articles, surveys, social media platform and target user interview, I examine the lives and 
movements of people with mild physical disabilities or people with disabilities. First, the article 
identifies what problems they have with migration, and uses the survey reference to investigate their 
average behavioral tendency. Observing them through social media platform such as YouTube video 
data, and recording the singularities discovered. These materials are the basis for creating a fictional 
character, persona. In addition, target user interview is used in concept generation and development 
through insights that are gained. 
Finding Problems by Articles 
According to an interview with a mild physical disabled person with discomfort in the right leg 
(한겨레 21, 2019), she said that she couldn't take an electric scooter in a situation where she had to 
evacuate quickly. This interviewee, who is mild disabled but not easy to move, does not receive electric 
scooter support because her legs are uncomfortable but her arms and hands can move. It can be seen 
that people with mild disabilities are in the blind spot of support and benefits. The power of the body is 
insufficient and inconvenient to use only a manual wheelchair. In addition, since it causes secondary 
obstacles due to body strain, an electric mobility assistive device is required. 
However, it is difficult to load an electric scooter even for the call taxi for disabled, which is a means 
of transportation for the disabled. To go on an outing using an electric scooter or electric wheelchair, a 
dedicated vehicle using a lift or slope is required (Saenal Dongdamun Center for Independent Living, 
2016). Moreover, if they use public transportation, users of electric scooters and electric wheelchairs 
are more difficult. Not only do they have to use the low-floor bus, but there are also some unfriendly 
bus drivers who pretend they didn't see them when waiting for the bus. Even if there is a friendly bus 
driver, they feel uncomfortable because there are cases where they have to reveal personal 
circumstances such as the reason for the destination or the changed destination (Women with 
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Disabilities Empathy, 2018). As such, it is not easy for users of mobility assistive devices to go out 
using transportation. People with mild physical disabilities feel the need for mobility assistive devices, 
but their mobility and portability are inferior to outside activities, and it is difficult to withstand the 
rough gaze around them. 
Average Behavioral Tendency by Survey 
To examine the average behavioral tendency, the Panel Survey on the Life of the Disabled (Kim, et al., 
2018) mentioned in the Introduction is used. I will compare several parts about people with physical 
disabilities and people with mild disabilities. The items to look at are data on transportation, travel time, 
disability and economic activity. 
Transportation  
People with disabilities use hospitals for checkups or treatment. At this time, the main means of 
transportation for people with physical disabilities when using hospitals are private cars (46.8%) and 
general/low floor buses (23.5%). On the other hand, walking is only 6.7%. This shows that most of the 
distance from the residence to the hospital is far from walking. The main means of transportation for 
general outings is similar. Private cars (43.5%) and general/low-floor buses (24.7%) are the highest. 
The difference is that the percentage of walking increases to 10.7%. This shows that there are many 
parts that can be moved by foot within the life radius. So, what do they need when they go out? They 
are people who can help out (36.2%) and transportation for the disabled (20.3%). A striking result is the 
item on improving social discrimination against disability. Compared to the types of brain lesions, 
vision, hearing/language, intellectual/autistic, mental, and internal/facial disorders, physical disabilities 
were the highest in this category (5.2%). It is said that the gaze and perception around them make them 
difficult due to the exposure of the body or assistive devices. 
Travel Time  
Organization/facility travel time can be compared by location. There are places to buy daily necessities, 
medical institutions, community centers, social welfare facilities, bus stops and subway stations. 
Looking at the travel time to places where people with physical disabilities such as markets and marts 
are purchased, the most people with physical disabilities took ‘less than 10 minutes to 30 minutes on 
foot (38.6%)’ and ‘less than 5 minutes to 10 minutes (34.5%)’. It can be seen that walking ‘less than 5 
minutes (7.9%)’ is the smallest percentage, and even the place to purchase everyday items is farther 
than expected and takes a lot of time. To medical institutions such as hospitals, clinics, and public health 
centers, 'less than 10-30 minutes (47.0%)' and '30 minutes or more on foot (31.4%)' were the most 
common. The distance to medical institutions is quite large, so it can be seen that most of them use cars 
or buses. To the community center, 'less than 10 minutes to 30 minutes (51%)', to social welfare facilities 
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'more than 30 minutes (42.7%)' and 'less than 10 to 30 minutes (41.4%)' were the most common. In the 
case of community centers, it can be seen that they are located within a certain distance of life that can 
be walked, such as the place of purchasing everyday goods, and social welfare facilities are located at 
quite a distance like medical institutions. Lastly, in the case of bus stops and subway stations, ‘less than 
5 minutes to 10 minutes on foot (44.9%)’ and ‘less than 10 minutes to 30 minutes on foot (37.8%)’ were 
the most common. This means that bus stops and subway stations are within walking distance, and it 
takes 5-30 minutes rather than close to the residence. Since public transportation is often used, the 
walking time to the station must be considered. 
Disability & Economic Activity  
In the case of physical disabilities, unlike other disabilities, the accident experience is high (20.9%). 
Looking at the causes of disability, in the case of physical disability, 95.4% of the acquired causes are. 
The acquired causes are particularly higher than those of other disorders, which can be related to 
accident experiences. When looking at the acquired cause, disease is the highest at 49.1%, but compared 
to other disorders, it is considerably lower. Compared to other disabilities, the ratio of industrial 
accidents (17.9%) and traffic accidents (11.0%) is quite high. In particular, mild disabled (90.0%) have 
higher acquired causes than severe (80.2%). When looking at the types of accidents, traffic accidents 
are the highest at 45.8%, and fall accidents (22.0%) and tripping accidents (12.9%). Taken together, in 
the case of physical disabilities, there are many cases of acquired causes due to accidents, and there are 
many traffic accidents. Mild disorders have a higher proportion of acquired causes than severe disorders. 
Looking at their economic activities, 83.2% of workers with disabilities are mild disabled (머니투데이, 
2015). When looking at the number of employed by disability type, physical disability is the most 
common at 34.4% (컨슈머치, 2018). Looking at the participation rate of economic activity by age, it 
is 52.5% in 20s, 60.6% in 30s, 59.8% in 40s, and 54.0% in 50s (Kim, et al., 2017). Considering the 
college period, participation rates are higher than expected in their 20s. Among the main reasons for 
not driving despite having a driver's license, 'lack of economic ability to purchase a car' is the highest 
at 42.5%. From this, it can be assumed that although the mid-to-late 20s are economically active, most 
of them will not have private cars. 
Observation of Life by Social Media Platform 
Through social media platform such as YouTube, people with mild disabilities and wheelchair users 
were observed, and the discovered peculiarities were recorded. Through this, I can explore and 
understand the lives of people with disabilities that are difficult to know as non-disabled people. In 
particular, YouTubers with disabilities are telling non-disabled people about their lives and telling their 
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stories. It is also active in improving awareness of people with disabilities and changing related policies 
(노컷뉴스, 2019). 
Findings  
Among social media platforms, I can find a lot of data on YouTube. Table 1 below summarizes the 
findings by observing Vlog, which contains images of daily life of wheelchair users, and broadcast data 
and interview images of people with mild physical disabilities (LIMIT, 2020; TVchosun, 2020; 
CHAIRMAN, 2019; Park CHARM, 2019). There were more data on wheelchair users than on people 
with mild physical disabilities. This can be inferred that in a social media platform that must be 
intuitively recognized quickly, an assistive mobility device called a wheelchair is a device that 
intuitively shows the recognition of the disabled. 
Table 1. Findings in Social Media Platform 
Wheelchair Users Mild Physical Disabled 
It is difficult to drive a wheelchair and have a lot of 
work to do at the same time. 
Since childhood, she has been teased for 
being contagious to her disabled leg. 
It is difficult to drive a wheelchair in a small space. She had to endure negative gazes on 'disability'. 
She gives up visiting crowded places. Different leg lengths require specialization. 
People obstruct her view. She wears specialization and uses public transportation. 
It is often seen that a non-disabled person moves 
away or attracts a companion to care for wheelchair 
users. 
It is difficult to exercise normally. 
She sees stores where she doesn't have enough 
explanation, and she thinks that it's only for me. 
There are many uncomfortable gazes 
due to disabilities that appear 
outwardly. 
She is very tired because she has to watch while 
checking if the wheelchair is hit by non-disabled 
people. 
Assistive mobility devices are part of 
her body. 
She feels tired from the vibration of the electric 
wheelchair.  
It is possible to support and walk for a while.  
Even if she doesn't intend to look around anymore, 
it is difficult to get out if there are many people.  
To pass a road blocked by a non-disabled person, 
she must touch it to indicate her intention.  
He must use a call taxi equipped with a lift.  
He wants to increase his self-esteem through a 
stylish wheelchair.  
The fitting room is small, so she has to leave her 
wheelchair in.  
Being able to travel relatively long distances on her 
own changes lives.  
The ability to move is as important to life as food, 
clothing, and shelter.  
 
Through the contents of Table 1, the following contents can be reflected in persona. 
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l Difficulty going to crowded places 
l Negative view of 'disability' 
l Use of public transportation 
l Difficulty with normal exercise 
Target User Interview 
Interviews were conducted to find out the image of micro-mobility and the experience of mobility 
means and assistive mobility devices of people with mild disabilities. Participants of the interview were 
people with mild lower extremity disabilities in 2-30s (5 men, 1 woman), and due to COVID-19, the 
interview was conducted by the call. 
Interview Questions  
There are 22 interview questions composed of criteria for disability, transportation, mobility assistive 
devices, and micro-mobility (Table 2). I asked about the experience of mobility means and assistive 
mobility devices of people with mild lower extremity disabilities, their experience of using micro-
mobility, and their current perception. 
Table 2. Interview Questions 
Criteria Questions 
Disability What is the degree and type of disability? What restricts mobility or activity due to disability? 
Transportation 
What is your current transportation? 
How long can you walk? 
How do you deal with it when it is no longer difficult to walk? 
What type of transportation do you use to go to work? 
What are the inconveniences of using transportation during rush 
hour? 
For what purpose and how often do you go out? 
What type of transportation do you use when you go out? 
What are the most inconvenient points when using 
transportation? 
Do you have any wishes for transportation? 
Mobility Assistive 
Devices 
Do you use assistive mobility devices? 
When to use assistive mobility devices? 
Do you use assistive mobility devices when you go out? 
What are the most inconvenient points when using assistive 
mobility devices? 
Do you have any wishes for assistive mobility devices? 
(In case of using electric wheelchair) What are the advantages 
and disadvantages of electric wheelchair operation and direction 
control method compared to manual wheelchair? 
(When using a manual wheelchair) What are the advantages and 
disadvantages of the operation and direction control method of 




Do you know about micro-mobility? 
Have you ever used micro-mobility? 
(If you have used micro-mobility) What are the inconveniences? 
When you see people using micro-mobility, what do you think? 
 
Interview Analysis  
In the interview analysis, the responses of six participants were summarized in one table and compared. 
Insights from frequently mentioned keywords and ideas that can be referenced are extracted and used 
to select and develop design concepts. 
I looked at the answers about Transportation. Four of the six participants use the subway as a means of 
transportation, and all participants can walk. It can be seen that some pain points occur while using 
public transportation. Since they are not a visible disability, most of them are unable to sit in the 
handicapped seating, conscious of their surroundings. They struggle with leg pain or collapsing balance, 
and they want to sit down and move. When walking, when it is no longer difficult to walk, there was a 
tendency to sit down and take a break. With this result, it is necessary to develop a design with a sense 
of stability that requires rest, such as sitting on their movements, and does not need to be balanced. 
l A resting position 
l A sense of stability without the need to balance 
Looking at the answers about Mobility Assistive Devices, they don't use this device very much in case 
they have to walk. At Mobility Assistive Devices, portability is important and is conscious of what is 
exposed to the outside. Participants who have used manual wheelchairs answered that pushing the wheel 
with force with their arms was very tired and overwhelming. It is electric, but allows intuitive control. 
For portability, the design consists of a wheel, seat and minimal structure. 
l Wheel, seat, and minimal structure 
l Not painful 
l Intuitive electric control 
When it comes to micro-mobility, they say it looks comfortable, but speeds that are too fast seem 
dangerous. Users can set a range from walking speeds to fast walking speeds, and it needs to maintain 
a 3-4 wheels shape so they can balance. Participants who used existing micro-mobility were 
uncomfortable using public transportation due to the heavy weight. The compact design with light and 
hard materials makes it possible to use public transportation. 
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l Walking ~ fast walking speed 
l 3-4 wheels for balance 
l Light and hard material for using public transportation 
 
2.2 Persona & Concept Generation 
Based on Understanding Target User, a persona is created and behavior tendency scenarios are created. 
It analyzes the scenario to derive keywords and proposes design concepts based on these keywords. 
Persona 
By synthesizing the contents of Understanding Target User, a fictional character was created in Figure 
3. A persona was constructed with data obtained through various media, and based on this, an behavior 
tendency scenario was derived. 
 
Figure 3. Persona 
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Jihee Han, 28, living in Seoul, Korea, is an editorial designer and has a mild lower extremity dysfunction. 
She doesn't like to look sick because she is uncomfortable, and she likes to take care of and develop 
herself. There are 5 kinds of data about her; Disability, Work, Home, Favorite, and Hobby. 
Disability 
The disorder she has is not functional because her legs are paralyzed, but she can move to some extent. 
Due to mild lower extremity dysfunction, she injured her left leg in a traffic accident while attending 
university. After the accident, she took a year off from university for rehabilitation. Currently, she is 
constantly receiving checkups every 3 to 4 months. 
Work 
She is currently working as an editorial designer at a logo branding agency. When she works, most of 
the time she sits down, so the discomfort caused by the disability is not great. The work experience is 
about 2-3 years, and the annual salary is 29 million won. It takes a total of 60 minutes from the current 
residence to the workplace, 20 minutes on foot and 40 minutes by bus. she can use the subway, but it is 
burdensome to transfer, so use a bus that does not require transfers. 
Home 
She lives in a studio in a separate kitchen in Seoul. There is a bus stop within a 20-minute walk. Because 
she has to walk more than the bus stop to the subway station, she tries to solve it with a bus as much as 
possible. Since it takes more than 30 minutes on foot to the hospital she visits for a checkup, take a taxi 
if this is unclear. It is impossible to walk quickly because of lower extremity dysfunction, and a 20-
minute walk is a 10-minute walk for non-disabled people. 
Favorite & Hobby 
She loves flowers and interiors. She finds beautiful interiors and is satisfied with them, and sometimes 
decorate the interiors with flowers. She prefers a clean and warm interior with white and wood. She is 
also interested in fashion and jewelry, but she tends to give fashion points as accessories. For health, 
She does home yoga on weekdays. Find an appropriate lecture video on YouTube and follow it. Because 
of the discomfort of the legs, she searches for videos that teach her the motions that suit her. She does 
home baking once a week. It is the most fun thing recently to do home baking with her own theme and 
upload it to Instagram with emotional photos. She also distributes homemade cookies or cakes to 
acquaintances. 
Behavior Tendency Scenario 
A behavior tendency scenario was created with data on the person set in Persona. The daily routines of 
female office workers in late twenties and the thoughts and behaviors of people with mild physical 
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disabilities were synthesized. I analyzed the scenario before suggesting the design concept by 
organizing the pain point, need, and wish. 
Scenario Example  
The scenario is divided into weekdays and weekends. This is because most people in their mid-to-late 
20s to 30s have the main issue of working during the week, and on weekends they can perform their 
desired routine. A scene from the scenario is taken as an example (Figure 4). The full scenario can be 
found in Appendices. 
 
Figure 4. Scenario Example 
In Figure 4, on the upper left, weekdays and weekends are separated and the time of the scene is 
displayed. And it describes what the current scene is and what the persona thinks. The main image of 
the scene is a picture that shows the situation, and is expressed by the persona's gaze. At the bottom of 
the scene, there are Pain point, Need, and Wish. In Pain Point, the persona feels uncomfortable in the 
current situation. Need means that a certain part is clearly needed, and Wish expresses the wish that 
something could exist even if it could not be achieved. 
Behavior Tendency Scenario 
The scenario is divided into weekdays and weekends. It was described from the persona's gaze and 
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perspective, and expressed actions and thoughts as if it was a diary. The scenes of the scenario can be 
checked in Appendices, and this content is tabulated (Table 3) 
Table 3. Persona Scenario 
Time Weekdays Time Weekend 
07:00 
a.m. 
Today is Wednesday morning. It is the 
most exhausting day of the week. My 
legs are numb and I’m very tired, but I 
try to get my body up. 
10:00 
a.m. 
It's a weekend so I wake up more 
lately than usual. The appointment is 
around lunchtime, so I have to sleep 
10 more minutes! 
07:10 
a.m. 
Come to the bathroom with a heavy 
body and prepare for work. The floor is 
wet, so be careful. 
11:00 
a.m. 
It's been a long time since it's been a 
while with friends, so prepare 
carefully. When I try to wear a skirt, 
I think my legs will stand out, so I 
change into pants. 
07:50 
a.m. 
Walk 20 minutes to the bus stop. There 
is a bus that goes to work at once, so it 
takes some time, but I use it every day. 
If my legs aren't hurt, it's only 10 
minutes to go, but I shouldn't overdo it, 
so go slowly. 
11:40 
a.m. 
The distance was ambiguous, so I 
decided to use a taxi. Taxi use 
regular taxis. There is no bus to the 
meeting point, and the subway 
station is too far, which is a waste of 
money, but it is a choice for fitness. 
08:15 
a.m. 
Because it is in the morning, there is a 
lot of traffic, so I have to go by bus for 
40 minutes. Every time I get on the bus, 
I get on my mind and notice that I have 
to get on quickly. I'm nervous about 
being delayed because of me... 
12:30 
p.m. 
It is true that I am conscious of a 
little limp to walk in the downtown 
area. Most people just pass by, but 




Since I work mainly with computers, 
there is no inconvenience. A cup of 
coffee relieves the tiredness. 
14:30 
p.m. 
Because walking quickly gets tired, I 
prefer a place where I can relax, 
such as a cafe or a bookstore. Today, 
I heard the news that there was a 
delicious cafe nearby, so I came 
with my friends. 
12:20 
p.m. 
I have lunch with my close coworkers. 
We go to the restaurant together, so I 




I really enjoyed spending the 
weekend with my friends. I also 
used a taxi to go home. One knee 
feels very tired. 
15:20 
p.m. 
I have a business trip schedule 
tomorrow, so we all decided to move 
together in the morning. I'm already tired 
from thinking about moving busy. 
18:00 
p.m. 
I'm planning to bake it in the 
evening and upload it to Instagram, 
so I decided to eat it simply. I eat 
while watching the next episode of 




After work, I stop by the mart in front of 
my house to buy ingredients to eat until 
the weekend. It is much easier and better 
to lean on the cart and shop. 
20:00 
p.m. 
I run Instagram with No Oven Home 
Baking. I was trying to slightly raise 
my hobby, but I am constantly 
updating because I am getting more 
attention than I expected. 
19:30 
p.m. 
Get ready for dinner. Although the 
kitchen is small, it cooks fast foods 
while reducing the movement lines. I eat 




After uploading Instagram, enjoying 
dessert and tea time is my happiness 
these days. I enjoy a little break 
while thinking about what kind of 
baking to do next. 
21:00 
p.m. 
Do home yoga without straining my 
legs. I tend to watch YouTube because it 
is uncomfortable to go out. 
22:00 
p.m. 
Wash dishes and utensils used for 
baking, and clean the house. It was 
difficult, so I took a break in the 
middle and organized. 
22:30 
p.m. 
I did some leg massage and lay down in 
bed. Check the Instagram response and 
end the day with mobile shopping for 






Pain point, need, and wish found in the scenario were all collected in one place and categorized. 
Elements with similar characteristics are grouped into one category so that keywords can be easily 
derived. 
Figure 5 is a categorization of Pain points. The most frequent cases of lean on one leg or strain on other 
body parts were most frequent, and they were limited in taking various postures. It takes time to move 
on foot, so she has to start moving early or be aware of her surroundings. Whenever she moves, she has 
to think about the most efficient movement, or takes care when carrying stairs or luggage. Other than 
that, there is a feeling of fatigue from work. Keywords generated as a result of Pain point analysis are 
as follows. 
l Strain on the body 
l Restrictive posture 
l Long travel time 
l Consider the movement 
l Risk factors (walking) 




Figure 5. Scenario Analysis – Pain point 
Figure 6 is the result of categorizing Needs. Persona wanted to lean, sit and rest while on the move 
while moving as fast as non-disabled people. She wanted efficient movement by minimizing the 
movement line, and she wanted to take a variety of comfortable postures without worrying about 
disabilities. She wanted to have some content to relax or enjoy, and when she exercises, she needed a 
way to consider disability. When using public transportation, she did not want to cause inconvenience 
to non-disabled people or be aware of the surrounding gaze. She didn't want to put effort into 
maintaining the balance of her body due to the disability, and she wanted to relieve the fatigue. When 
moving, she wanted to move comfortably even if she had luggage in her hand, and in addition, she 
wanted clothes that could cover her disability. Keywords generated as a result of the analysis are as 
follows. 
l Fast move 
l Rest on the go 
l Things to enjoy 
l Various & comfortable posture 
l Minimal movement 
l Exercise alone 
l Fast boarding 
l Relieve fatigue 
l Body balance 




Figure 6. Scenario Analysis – Need 
Wish's categorization is shown in Figure 7. Persona wanted to live a life no different from non-disabled 
people, and she wanted to be harmonious and to be together. She hoped that when she was up, sitting, 
or balanced, she could have a free posture. She hopes that she can use public transportation without any 
inconvenience and travel comfortably. She hopes that she will have a refreshing morning without 
numbness or fatigue and spend less time doing housework. She hopes that it will be helpful without 
causing inconvenience to others due to her lateness. In addition, she wished for healthy legs and stress 
relief. Keywords generated as a result of analysis are as follows. 
l Life no different from non-disabled people 
l Free posture 
l Beginning of fresh day 
l Comfortable move 
l Convenient public transportation 
l Do not cause harm 
l Reduce the time required for housework 
l Life is helpful to others 
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l Healthy legs 
l Relieve stress 
 
Figure 7. Scenario Analysis – Wish 
Concept Generation 
I collected all the keywords obtained as a result of analyzing Pain point, Need, and Wish (Figure 8). 
These keywords were rearranged without classifying them into Pain point, Need, and Wish. So, these 




Figure 8. Scenario Analysis Keywords 
In Figure 9, there is a rearrangement of keywords obtained through scenario analysis.  First, determine 
whether the keywords can be solved through a wheelchair. Disability, exercise, movement, and 
housework cannot be resolved through a wheelchair. Keywords that can be solved through wheelchairs 
are reclassified, which are additional elements in proposing a design concept or achievements that can 
be obtained through a design proposal. If the user can move their luggage or change their posture, I can 
add to the concept at any time. Relieving stress and becoming the beginning of a pleasant day or helping 




Figure 9. Keywords Rearrangement 
Continuing to look at Figure 9, the most important core groups in proposing a design concept are 
Requirement and Idea Base. Requirement is the direction defined by previous research. Through this 
design proposal, it enables comfortable movement so as not to strain the body, and helps movement 
faster than the existing movement. Convenient public transportation should be available for people with 
mild disabilities who frequently use public transportation. It is not easy to balance with their legs, so I 
need to consider balance, such as using three or four wheels. The Idea Base is a collection of elements 
that allow the branch of ideas to grow after direction. Based on the keyword of life that is not different 
from those of the non-disabled, I intend to deviate from the typical wheelchair form and propose a new 
form of assistance mobility such as micro-mobility. According to Desmet and Dijkhuis(2003), the new 
wheelchair design has a more enjoyable emotional impact on users. They said it would have been 
interesting to include products with similar context or expressions, such as BMX bikes and snowboards, 
in their research. And, as another opportunity, they noted that if they had included non-wheelchair users, 
they could have gained new insights into the aspect of being stigmatized as a wheelchair. I can get 
inspiration from a variety of micro-mobility such as mini electric scooters and hoverboards. User can 
use public transportation or a taxi, or take a break on the go with ultra-compact mobility that can be 
used at any time even when walking becomes difficult. The foldable or lightweight structure allows 
them to quickly get on public transport. Design concept was proposed with this Idea Base. 
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Design Concept  
Design concept (Figure 10) was inspired by the Segway and Hoverboard. With ultra-miniature mobility, 
I tried to change from a heavy, painful, passive image of a wheelchair to a light and active image. The 
main wheel and the rear wheel are balanced using 3 wheels. The sporty feeling is stronger than the 
mobility assistive devices, so the keyword of Things to enjoy is well expressed. When the rear wheel is 
folded, it becomes portable enough to be held in one hand. 
 
Figure 10. Design Concept 
 
2.3 Design Development 
Design Concept Develop 
This is the process of developing for better results based on the design concept. Comfortable movement 
without strain on the body, compact design for portability, and free from passive images are always 
considered. In the Primary Ideation, the branches of the idea extend. Then, in the Secondary Ideation, I 
proceed with the sketch considering the body size and control method. And create 3D data based on 
sketches. 
Primary Ideation 
Primary ideation went through 4 stages. In the first step, 'confidence' started with a free attitude. The 
idea is to apply a seat that maintains balance so that user can freely posture like crossing his legs. In the 
second step, the idea of a hammock seat that allows the user to take a free posture without mechanical 
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movement was applied to minimize functional and structural parts. Separate parts or fold the seat to 
make it easier to carry. (Figure 11) 
 
Figure 11. Primary Ideation 1,2 
In the third step, it was lighter and simpler to develop. It is an idea that can be folded and used as 
crutches. The function is changed in shape so that it can be used according to the situation. However, 
changing the function in form itself complicates the design, so it moved on to the next step. The fourth 
step is a form in which electric wheels are applied as the main, like segway and hoverboard, and the 
design elements of micro-mobility were used in earnest. This idea can be folded and used like a cane. 
It is an idea that the battery can be removed to lighten the weight when folding and make replacement 
convenient. (Figure 12) 
 




In the final 4th stage of the primary ideation, the shape and structure became very simple, and the active 
image was brought out of the conventional wheelchair shape that seems painful. I decided to continue 
developing this step. As shown in Figure 13, the idea sketch development stage was carried out in 
consideration of the sitting posture. 
 
Figure 13. Anthropometric Dimensions for Sitting Posture 
I sketched the side using a sitting man as a template. A basic concept with wheels such as micro-mobility 
as the front, and a structure that connects the minimal seat and the seat are drawn in various forms. 
(Figure 14) 
 
Figure 14. Side Sketches 
When the levels of the front and rear wheels are equal, the passive image is strong, so the front wheel 
is the main. The seat is a light design with a flat feel at a height that can support the waist slightly. 
Improvement is needed because the rear wheel is in a state where it cannot follow the steering of the 




Figure 15. Developed Sketches 
Operation and direction can be controlled according to the user's center of gravity. (Figure 16) By 
applying the sensor to 4 points with a slight gap in the seat, it is possible to recognize that the center of 
gravity of the user's upper body is shifted. The rear wheel was applied as a caster wheel so that it could 
follow the steering of the front wheel. The steering system using the center of gravity will be 
inconvenient for people with mild physical disabilities. Because of their difficulty in balancing, it may 
be difficult for their legs to withstand shifting the center of gravity. So, I decided to develop more ideas. 
 
Figure 16. Sketches with added Steering System 
I thought about two types of steering systems that don't work hard on the lower extremities. (Figure 17) 
Type A is a design with a joystick applied. It is a familiar design in that the existing electric wheelchair 
uses a joystick type. This type is a method of controlling a flat joystick the size of a thumb nail with a 
finger. Type B is a method in which operation and direction are controlled according to the pressing 
hand by applying a switch to a part that can be an armrest of the seat. For example, pressing with both 
hands moves forward, while pressing with the right rotates to the right. The familiar method is Type A, 
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but it is not differentiated to give users pleasure or new experiences. Type B is a differentiated steering 
system that was not present in existing wheelchairs, but needs to be complemented in more detail. So, 
I decided to develop the B type more. 
 
Figure 17. Steering System A(joystick type), B(seat switch type) 
A modern and sophisticated design was developed while applying a switch to a part that could be an 
armrest (Figure 18). I developed a Type B (Figure 17) that presses a switch while holding the armrest 
with user’s hands. Focusing on the intuitive control method of a manual wheelchair, a hand-swept 
motion was applied as a switch, and a modern form was sketched accordingly. By connecting the 
backrest, armrest, and lower part of the thigh in one line, it does not look complicated, but when viewed 
from the side view, the part that seemed to be connected as a whole was developed. Primary 3D Data 
was created after the sketch in Figure 19, and 3D data for Final Sketches can be checked in Secondary 
3D Data. The ratio problem between the main wheel and the rear caster wheel found in the previous 




Figure 18. Final Sketches 
Primary 3D Data  
Primary 3D data was created after the step in Figure 17. In Figure 19, there are shapes when viewed 
from the front, side, rear and top. The touch bar steering system, conceived from the motion of pushing 
the wheel of a manual wheelchair, was applied. For this system, the shape and line of the touch bar is 
similar to the wheel of a real wheelchair. The user's seating position is located halfway between the 
front wheel and the rear wheel. Since the front wheel is the main wheel, it is slightly larger, so I adjusted 
it slightly to the rear. 
 
Figure 19. Primary 3D Data 
Looking at Figure 20, there are the views when the user is seated in front, side, and rear. The seat width 
is maintained and the structure is as compact as possible. It must be kept at least 424mm, and 500mm 
is set as the limit line so that it is not too large(Gu & Park, 2000). The upper end point of the seat 
supports the user in the position where the user's waist starts. Therefore, it reduces the fear that occurs 
when there is no supported part when moving by electric motor. The part where the foot is placed is 





Figure 20. Primary 3D Data – Sitting Posture 
Secondary 3D Data  
Figure 21 is Secondary 3D Data. Compared to Primary 3D Data, a lot of progress has been made. A 
much more stable seat and frame relieves users' anxiety and enhances completeness. There is no visual 
discomfort by adjusting the proportions of the wheel. By raising the height of the backrest, it gives the 
user a sense of comfort and stability. Since it is an electric wheelchair, the stability of the back is 
important. The hand-swept switch has been modified to be more concise. After pressing the touch lock 
button located on the right, I applied a method of controlling by sweeping down by hand. This is a way 
to prevent malfunction of the touch sensor. The speed is adjusted in 3 steps by sliding the speed control 
button on the left. It can be adjusted from very slow step 1 to slightly faster step 3. There are lights in 
the front of the footrest and back of the seat, and ambient lights are applied to the hand-swept switches. 
 
Figure 21. Secondary 3D Data 
In Figure 22, it is seen from four views and a 180cm person sitting. The backrest provides stable support 
for the waist. The minimum width of the seat is 43cm, so user can sit comfortably. The footrest is also 




Figure 22. Secondary 3D Data – 4 views & Sitting Posture 
2.4 User Evaluation 
Usability Test 
It is not known whether the design expressed as 3D data is the right size for the user or whether the 
function can be understood. I wanted to do a simple test with a 1:1 scale “rideable” mockup that 
performs some of the functions, even if it's rough, to see if the proposed design would fit the user. 
Unlike conventional wheelchairs, it aims to be a compact wheelchair, so there was a limit to complying 
with the standard of the existing wheelchair. So I felt the need to find out if the size of this new design 
is suitable. Here's what I am looking for with this test: 
l Is the length between the seat and the footrest appropriate? 
l (When users perceive the discomfort on one side of their leg) Is the size of the footrest 
appropriate? 
l Is there any danger due to the center of gravity when getting on and off? 
l Are there any difficulties in understanding the control when performing the functions of 
straight forward, backward, and stop? 
Plan 
It uses the Think-aloud protocol method where users can freely express their thoughts and opinions 
while riding the micro-wheelchair (Hanington & Martin, 2012). In order to grasp the user's thoughts, 
reactions, and interactions, Wizard of Oz method is used to create an environment as if it actually moves 
according to the user's intention. (ibid, 2012) So, by identifying points that need to be improved in the 
design of Secondary 3D Data, the design is further developed. 
Participants are 8 people in their 2-30s (4 males and 4 females). This was conducted for non-disabled 
people who were relatively easy to recruit participants. Participants wore a knee brace on one knee to 
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make them aware of discomfort in the knee on the one side. In addition, the think-aloud protocol was 
conducted by experiencing forward, backward, and stop in the test area(Figure 23). In order to actively 
express opinions of the participants in the middle of the test, I asked the previous four questions as a 
small interview. The test area is shown in Figure 24. There is no specific scope of the area, but hazards 
that could be hit or injured are removed from the surroundings. 
 
Figure 23. Test Sequence 
 
Figure 24. Test Area & Preparation 
Mock-up 
The mock-up is a 1:1 semi-working mock-up that a person can ride(Figure 25). Looking at the mock-
up process in Figure 26, the base was made with a metal frame and the exterior was finished with wood. 
A similar design seat in the market was applied, and the hand-swept switch and ambient light parts were 
produced by 3D printing. For the Wizard of Oz method I need to control this mock-up wirelessly. So, 
the parts of the electric skateboard that can control the wheel with a wireless remote controller are 
attached to the bottom of the mock-up. There were personal limitations to implementing the entire 
control system. It was possible to implement forward, reverse, and stop functions so that it could be 
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controlled with a wireless controller. When the participant in the test takes the motion according to the 
control method, I implemented the operation according to the motion with a remote controller.  
 
Figure 25. Semi-working Mock-up (1:1 scale) 
 
Figure 26. Mock-up Process 
Test  
The test was conducted in the order of overall explanation of the test, collection of personal information, 





previous plan were verbally explained, and the Think-aloud protocol was explained and understood. I 
collected personal information such as name, age and height and started testing. As shown in Figure 23, 
the test was conducted in the order of forward and stop, backward and stop, and freely control. 
Participants performed the given task and expressed their opinions or ideas freely. In the small interview, 
I naturally asked the four questions mentioned above while testing. In particular, I encouraged them to 
ask questions and express opinions freely at the stage of freely control. Figure 27 shows the test images 
of various participants. 
 
Figure 27. User Evaluation – Test Images 
Results  
The test results are shown in Figure 28 and Table 4. In Figure 28, I can compare the sitting posture 
according to the height of the test participant. The height of all participants is 150cm~160cm 2 people, 
161cm~170cm 2 people, 171cm~180cm 2 people, 181cm~ 2 people. Representatively, Figure 28 
includes one person in each range, and even 170cm woman so that I can be compared with men between 
171cm and 180cm. They connected them from the pelvis to the knees and ankles to see how the sitting 
leg shape changes with height. The second 165 cm woman is almost at right angles and did not show 
any discomfort even during the actual test. However, the third 170cm woman and men who are 170cm 
tall or more reduced the angle of the legs to less than 85 degrees, and expressed discomfort in the legs. 
The size of the footrest is not small, but as the height increases, it means the position of the footrest 
needs to be moved more forward relative to the front main wheel. 
 
Figure 28. User Evaluation Results – Sitting Posture 
To see Table 4, participants' speech was classified into four representative categories; Limitations of 
mock-up implementation, detailed use scenes, structural supplementation, and control. Among these, 
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the limit items of mockup implementation are opinions arising from the limitations of implementation. 
Excluding this category, three categories will be used to develop design. 










The wheel spins in 
the beginning 





Adjust footrest by 
height 
Inconvenient footrest 
when getting on and 
off 
Footrest with short 
front 
Control feedback 
Intuitive touch lock button 
Intuitive control (stop) 
Proportional to number of 
touches and wheelchair speed 
Unfamiliar control method 
Consideration of malfunction 
while pressing the button 
Confused because both 
controls are different 
Confused control method 
Need to adapt the control 
method 
 
The discomfort and anxiety of the lower backrest that all participants mentioned is a representative 
example of the limitations of mock-up implementation. All participants expressed regret because the 
seat applied to the mock-up has a lower back of about 12cm than the actual design. Stability of getting 
on and off the ramp, adjusting the footrest, and the awkwardness of the touch lock button when 
controlling were mentioned. There were many participants who wanted the control method to be simpler 
and more intuitive than the current one. 
In Refinement, the design is improved based on User Evaluation. The parts to be modified according 
to the experimental results in Figure 28 and Table 4 are summarized below. 
l Reduced uncomfortable footrest when getting on and off 
l A system that detects a downhill road and goes straight through the brakes 
l Structure that can reduce and adjust the size of the footrest 
l Wheelchair speed changes depending on the number of hand sweeps 
l Move the position of the touch lock button 





Design concept final outcome 
 








This chapter summarizes the Method & Design Process chapter as a whole and shows the result of the 
Micro-wheelchair that was derived therefrom. The control method was specified, and the interaction 
between the wheelchair and the user was considered. In user evaluation, structural changes according 
to height and a simple and intuitive control method were required, so refinement was improved. 
3.1 Design Process Summary 
Design Process 
Understanding Target User  
According to Finding Problems by Articles, people with mild disabilities are in the blind spot of support 
and benefits, and there are many inconveniences and lack of physical strength to use only a manual 
wheelchair. In addition, there is a need for electric mobility assistive devices because it causes 
secondary obstacles due to a physical strain. When using public transportation, current wheelchairs are 
inconvenient due to their size and weight, and are often conscious of their surroundings. 
In Average Behavioral Tendency by Survey, the average life of people with mild physical disabilities is 
identified by categorizing them into Transportation, Travel Time, Disability & Economic Activity. They 
use the bus most as a means of transportation, except for their own car, and within the living area they 
are on foot. They feel more socially discriminated compared to other types of disabilities when using 
transportation. As for the travel time, the travel time to the destination is generally about 10 to 30 
minutes on foot, and in the case of bus stops and subway stations, the most frequent case is 5 to 10 
minutes. When it comes to disability and economic activity, they have the highest acquired causes and 
have a higher proportion of industrial and traffic accidents compared to other disabilities. It is estimated 
that the employment rate of people with mild physical disabilities is the highest, and most people in 
their mid-to-late 20s do not have a car. 
Observation of Life by Social Media Platform was able to observe the lives of people with mild physical 
disabilities and wheelchair users. They are reluctant to be crowded and have to endure a negative view 
of ‘disability’. And, they use public transportation, and normal exercise is difficult. 
Lastly, through Target User Interview, I grasped the image of micro-mobility, the experience of the 
people with mild physical disabilities on the means of transportation and mobility assistive devices. 
They use public transportation, but because they are conscious of their surroundings, they cannot sit in 
the seats for the elderly. Rest is needed when a time comes when it is difficult to withstand due to leg 
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pain or a collapsing balance. They do not use mobility assistive devices and are conscious of being 
exposed to the outside. Micro-mobility seems comfortable, but the high speed seems dangerous, and it 
is difficult to ride because of the balance. 
Persona & Design Concept 
Create a persona for the target user identified earlier, create a behavior tendency scenario, and look at 
the moments when they need movement assistance. It summarizes the daily life of female office workers 
in their late 20s and the thoughts and actions of people with mild disabilities. It is divided into weekdays 
where she works, and weekends where she enjoys meetings and hobbies with acquaintances. By 
analyzing the Pain Point, Need, and Wish of each scene, I found out that target user wants to move 
quickly while allowing comfortable movements so as not to strain body. And it should be compact and 
light enough to be used with public transport, and for those who don't have easy leg balance, I consider 
balance like 3-4 wheels. For a life that is not different from those of the non-disabled, I move away 
from the typical wheelchair form and proceed with the design concept with a new form of assistive 
mobility such as micro mobility. The design concept is inspired by micro-mobility such as segway and 
hoverboard, and is intended to be expressed in a light and active image. After that, the process of 
ideation and 3D data is conducted to devise a modern form and an intuitive control method. 
User Evaluation 
It uses the Think-aloud protocol and Wizard of Oz method to understand the user's thoughts, reactions, 
and interactions. Through the semi-working mock-up, I was able to see the comfort of each part size, 
stability of the product, and intuitive degree of the control method. The design is improved by applying 




The result created with Secondary 3D Data is shown in Figure 29. It emphasizes the light and active 
image and has the advantage of intuitive control of the wheelchair with a control method differentiated 
from other mobility. Even though it has electrical functions, we want to escape the perception that it is 




Figure 29. Final Design 
Light was applied to the front and rear so that it can be used in dark environments. It becomes a design 
point element by applying ambient light along the hand-swept switch. For the light applied in front, the 
interaction between the user and the device was considered, such as displaying a message or checking 
the status according to color. (Figure 30) The seat is in the form of a layer and does not slip by applying 
leather.  
 
Figure 30. Final Design – Lighting interaction 
See Figure 31 for buttons. Based on the user, there is a power button on the outer right side of the seat. 
There are hand-swept switches at both ends of the armrest. This switch is located on the underside of 
the protruding area at both ends of the armrest, with ambient light applied to the same side. (Figure 32) 
On the top of the same part, there are touch lock button and speed control button, respectively, on the 
right and left. To move forward, the user presses the touch lock button once and sweeps the hand-swept 
switches forward with both hands. To change the speed, adjust the steps with the speed control button 
on the left. To change direction, press the touch lock button and sweep down the hand-swept switch 
with one hand. (Figure 33) This is similar to turning a manual wheelchair. To turn to the right, sweep 
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the hand-swept switch forward with left hand. To stop, simply hold the touch lock button and hand-
swept switch together. 
 
Figure 31. Final Design – Buttons 
 




Figure 33. Final Design – How it rotates 
Figure 34 is a use scene in a shopping mall. According to the scenario of the persona, examples of going 
out and traveling for free time were expressed using Keyshot and Adobe Photoshop programs. Figure 
35 is a visual mock-up of the design. It was produced as small as 20% of the actual size using a 3D 
printer of the SLA method. The 20% size dummy of 163cm human was also made in a sitting position, 
so I can see how the proposed design feels when viewed in three dimensions. 
 




Figure 35. Final Design – Visual Mock-up 
3.3 Refinement 
User Evaluation Results 
As mentioned earlier, the results obtained through User Evaluation are as follows. 
l Reduced uncomfortable footrest when getting on and off 
l A system that detects a downhill road and goes straight through the brakes 
l Structure that can reduce and adjust the size of the footrest 
l Wheelchair speed changes depending on the number of hand sweeps 
l Move the position of the touch lock button 
l Delete Speed control button 
Refinement 
Exterior changes are small adjustable footrests for convenient loading and unloading and custom sizes. 
(Figure 36) Then, apply the touch lock buttons to both and adjust the position and shape so that the 
hand-swept switches can be used while holding down. Delete the speed control button and 
systematically increase the speed according to the number of hands sweeps. When going downhill, hold 
the touch lock buttons and hand-swept switches with both hands, and press and hold to brake and 
descend. In addition, a slight vibration is given as a feedback on the touch operation of the hand-swept 


















With the addition of several safe and complex functions, a wheelchair that has become heavy cannot 
satisfy all disabled people. The range of people with disabilities is wider and more diverse than non-
disabled people would expect, and we need to see them from a broader perspective. We have to get out 
of the frame of prejudice that they will be infinitely ill and passive. The majority of people with 
disabilities are not in the range, and there are not many designs for them. If they simply try to solve 
their physical discomfort, a heavy wheelchair is born. By applying more diverse design methodologies 
such as Persona, Scenario, and Target User Interview applied in this study, design for the disabled can 
be started only when there is an in-depth analysis of their life and behavior tendency. 
Thus, taking into account their life, behavior, and emotions, forms, functions, and interactions are 
harmonized. When talking with actual target users, they are not very different from non-disabled people, 
but they are aware that they have disabilities. They had physical and mental discomfort at the border 
between the disabled and the non-disabled. Their mental discomfort, like the social gaze they feel in 
everyday life, was creating a wall with the non-disabled people. More than a physical solution for 
physical discomfort, they seemed to need a design that could encompass mental discomfort. So, in this 
study, blurring the boundaries between the disabled and the non-disabled is the most important thing. 
Although it is designed for the disabled, the design that can accommodate non-disabled people can also 
relieve the mental discomfort felt from the environment. 
So, in designing mobility assistive devices, micro-mobility used by non-disabled people was used as a 
motif. In order to break away from the framework of existing mobility assistive devices and differentiate 
them with new forms, functions, and interactions, this study proposes that inspiration is derived from a 
completely different range of mobility as one method. In this way, even mobility assistive devices for 
the disabled can express more active images through design, not passive images. 
However, it should not be completely applied to a new design by being inspired by a different range of 
mobility. We should always be mindful that their bodies are not free, and safety considerations should 
always be applied. Therefore, it is necessary to understand the exact scope and behavior tendency of 
the target user. We need to understand what they are uncomfortable with, and provide convenience and 
comfort. And it is necessary to examine the usability of the design to some extent. According to Kim, 
Kweon, and Jun (2018), when an issue of usability arises, assistive devices for the disabled do not end 
in discomfort, but result in inability to use. It is necessary to test how much function can be implemented 
and used. Here, if we recruit participants and proceed with evaluation, we can also objectively check 
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the perspective of the interaction. Finally, it applies intuitive functions and interactions that do not 
require complex understanding. No one would understand this wheelchair if it had been applied so new 














Among all types of disabilities, physical disability accounts for the highest percentage, and mild 
disability has the highest percentage among physical disabilities. It has the highest percentage, but few 
products are available for them. In this study, I propose a “Micro-wheelchair” design for people with 
lower extremity disabilities among those with mild disabilities who are in the blind spot in design for 
the disabled. Investigate and understand their lives through various ways such as articles, media 
platforms, and target user interviews. It also summarizes their life through personas and behavior 
tendency scenarios. A physical solution that focuses on the physical discomfort of the target user cannot 
sufficiently solve the needs. Designers need to look at the emotional parts non-disabled people don't 
expect. People with mild physical disabilities value fast and comfortable movement and a life that is 
not different from those with non-disabled people. I consider these two goals, from ideation to User 
Evaluation. Inspired by micro-mobility to emphasize its compactness for fast and comfortable travel 
and easy linkage with other modes of transport. In order to live a life that is not different from non-
disabled people, it is necessary to be able to share products with them. While bringing a light and active 
image of micro-mobility, it needs to design mobility that non-disabled people want with the overall 
modern shape and line. In addition, the control method should be intuitive and simple, yet differentiated 
from other mobility. It focuses on the direct action of pushing the wheel rather than the existing joystick-
like method. This is a design for the disabled that reflects all design, engineering, and sociological 
perspectives. 
It is important to make the design as a mock-up and conduct user testing. Since stability and safety are 
important target users, any user should not feel uncomfortable or anxious. So, it is necessary to check 
the design through a semi-working mock-up and make corrections and supplements. 
This design is a wheelchair design for people with lower extremity disabilities among people with mild 
disabilities, and the scope of target users is limited. More designs can be developed depending on the 
type and severity of the disability. It can be expanded the scope of target users or develop new designs 




5.2 Design Implication & Limitation 
In design for the disabled, the scope of design for the disabled was expanded by focusing the mild 
disabled person in the blind spot. A new direction was proposed for those who did not have a clear 
position between the disabled and the non-disabled, and the group that did not receive attention will be 
raised to the design target range. 
In this study, there was a limitation in user testing of user evaluation. The mock-up system 
implementation was possible only forward, backward, and stop, so it was not possible to experiment 
with a complete control method. And since the function is not a complete mockup to look at when this 
wheelchair is used in everyday life, the test should have been done only in a large area in consideration 
of the safety of the test participants. It was difficult to judge the suitability of this product in a situation 
close to life. 
If further research continues, it is necessary to determine whether wheelchair design is appropriate in 
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Executive Summary in Korean 
 
Micro-wheelchair  
: Assistive Micro-mobility Design for the People with Mild Physical Disabilities 
 
모든 유형의 장애 중에서 지체장애가 가장 큰 비율을 차지하며, 경증지체장애인은 
지체장애인의 81.2%에 해당한다(Kim, et al., 2017). 그러나, 장애 유형 중 다수에 
해당하는 경증지체장애인은 중증지체장애인과 달리 혜택과 지원의 사각지대에 있다. 
제품과 모빌리티의 경우에도 대부분 중증지체장애인에게 이목이 집중된다. 
경증지체장애인은 장애인과 비장애인의 경계에 위치하여 비장애인과 유사하다고 판단될 
수 있으나, 자세와 이동에 한계가 있기 마련이다. 그래서 타겟으로 집중되지 않았던 
이들을 위해 모빌리티의 새로운 방향을 제시하고, 장애인을 위한 디자인의 범위를 
넓힌다. 
경증지체장애인의 자유롭고 편안한 이동에 대한 해소를 위해, 본 연구에서는 그들을 
위한 새로운 유형의 휠체어를 제안한다. 사용자 이해를 위해 기사, 설문조사, 소셜미디어 
플랫폼을 탐색하고, 사용자인터뷰를 진행하였다. 사용자 이해조사를 통해 
경증지체장애인의 신체적 불편함뿐만 아니라, 사회적 시선과 같은 정신적 불편함을 
발견하였다. 
사용자 이해조사를 바탕으로 페르소나와 시나리오를 제작하고 분석한다. 시나리오 
분석을 통해 도출된 키워드는 컨셉아이디어를 제시하는 데 활용된다. 장애인과 
비장애인의 경계를 없애기 위한 아이디어로, 마이크로 모빌리티와 같이 이동보조장치와 
다른 범위의 모빌리티로부터 영감을 얻었다. 가볍고 능동적이면서도 현대적인 이미지를 
위해 Ideation & 3D Modeling 과정을 거치며 디자인을 발전시켰다. 실제 크기의 목업을 
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